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Freshwater mussels

(Family: Unionidae)

= Ampeng most impernled
fauna in world

= 70% of* 300 species|in
ULS. are endangered,
threatened, of special
CONCern, or extinct
Decline due: te: many,
envirenmental stressors
= [ ong-lived, 40-100'yrs
= Unigue life histery,
obligate parasite on fish




Ereshwater mussels:
complex life: history.

Pesticides

One ofi many: potential factors
affecting mussels

Current-use pesticides not
Persistent

But, application often coincides
Withi repreduction

Early liferstages most sensitive to
other contaminants

Paucity of infermation




Goal

Generate: toxicologicall information: en the
hazards, of a suite ofi current-use pesticides
10 early lifie stages of freshwater mussels

Outline

Tiechnicall grade: pesticides
Glyphesate compounds
Technicall grade vs. fermulations
Summary: & conclusions
Research needs




TFexicity: test, summary/

Total ofi 86) toxicity: tests, (2004-2006)
73facute tests

n 38 glochidia (5 species)

m 35 juveniles (4 species)

13 chroenic tests

= 1 species

15, current-use pesticides
= 5 [NSecticides
= 7 henbicides
3l fungicides
2 other (formulation components)

Test methods

ASTM (2006) Standand guide for toxicity: testing withi early.
life stages of freshwater mussels -

5-6i pesticide concentrations + controls
s Up torselubility limit in water
= 3 reps per treatment

Verihy exposure concentration to

Acute tests -static

n Glochidia — 24 or 48/hr (no renewal)

s Juvenile =96 hr (renewal @ 48h)
Chroenic tests 21 or 28 d - static

s Renewal every 48 h

EC50 — conc. at which viability ofi erganisms was reduced
to 50%




ToxicIty, ofi technical grade: pesticides

Technical grade pesticides

=080, pure compound; active ingredient

s EPA pesticide registration
Atrazine, pendimethalin; fipronil, permethnn
chlorothalenil; prepicenazele; pyraclostrebin
Glochidia

u Eliptio complanata), Lampsiis 1asciola), L. siliguoiaea, Villosa

delumrs, V. corstlicta

Juveniles

u L. fasciola), L. sliiguoldea

= Newly released — 2 mo. post transformation

= Acute tests




Results

Atrazine, pendimethalin, fiprenil,
PERMENIHn

EOW GIIGrEHIECH BT BEhIdIZN s UVERINE
\ViainliGy;
m URalertercalcliaieNECS0S

EUngicide toxiCIty.

L slliguoraea enly

EC50 (ma/L) LC50 (mg/L)

Glochidia Juyenile

48-hr: 96=hr Fish Daphnia
Chlorethalonil 0.04 0:28 0.04 0)10)7/

Propiconazoele 19,21 10:01 1.5 3.2

Ryraclostrobin 0.08 0.03




Toxicity ofi technical grade
PEstICIdES: summary.

Herbicides andl Insecticides net acutely: toxic to
mussels

n lnconsistent with relative sensitivity te some: other
contaminants

» |nsecticide mode ofi action- Reuretexicants

Fungicides highly texic to mussels

m Sensitivity similar to ether aguatic animals

n Mode of action is lessispecific (inhibit ATP' production)
Need to determine chroenic toxicity of fungicides for
risk assessment

Toxicity off glyphesate




Glyphosate compeunds

Chemical Significance
Tlechnical grade: glyphosate Usedi for EPA registration
Roundup® Glyphosate formulation
Aguastar® Glyphoesate formulation; (aguatic)
Glyphosate  IPA A.i. ofi Roundup®and Aquastar®
MON 0818 Surfactant blend in' Reundup®
IPA” Component of glyphosate 1PA

* |sopropylamine salt

Glyphesate: texiCity, to; L. s/iguoiaea

B Glochidia 48 h
2 Juvenile 96 h
O Juvenile 21 or 28 d

EC50 (mg/L)

Glyphosate  Glyphosate IPA Aquastar MON 0818 Roundup




Glyphosate toxicity: conclusions

Technical grade glyphesate not toxic to mussels

Roundup® is acutely toxic
n Similarte other aguatic erganisms

m [OXIC components
Surfactant: MON 0818
Active ingredient- glyphosate IRPA- alsol toxic
IPA texicity due torammonia?

Not all' glyphoesate IPA compounds; are toxic
s Aguastar®

Implications for pesticide regulation
= Register each fermulation?

ACUiie: & CArenic toxIcity, ol pesticide
activengredients vs: fiermulaiens




lechnical grade vs. Eermulation

Tlechnical Formulation Class
grade

atrazine Aatrex 4L.® herbicide
chlorpyrifos Lorshan® insecticide
permethrin Mosquite-B-Gone®  insecticide

Pesticide formmulation; texicity.

EC50 (mg/L)

Pesticide Glochidia®  Juvenile: Juvenile

48 1K 96 hr 21 d

Atrazine >72]0) >32]0) 10.1

Aatrex =30 >30 3.1

Chlerpyniftos 0.43 0.25 0.06
LLorshan 0.60 0.33 0.05

Permethrin > 0.2 > 0.2 0.038

Mosquite-B-Gone >0 >0 0.08
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Pesticide active ingredient vs.
fermulatiens: summany

Littler difference! in texicity: of active ingred. & pesticide fermulations
tested (Unlike glyphosate)

Chlerpyrifes & permethrin caused chrenic toxicity: at envirenmentally,
relevant concentrations

u [, S/iguojdeaistless sensitive than! other aguatic inverts

u EXISting) acute water guality, criterias may/ be’ protective ofi mussels

Water only exposures- need to examing other routes of exposure

Summany and Cencliusions

Early: life stages) o musselsiaie not sensitive
1o many. current use pesticides (Water-enly)

L. s/liguoraea highly sensitiverto fungicides
SOME pesticidel formulations are more texic to

mussels than technical grade; adds to delate
about pesticide registration
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Research needs

EUngicide texicity, data for additienal species

Other routes; of expesure
= Role of sediment?

Effects of pesticides) on mussel behavier and
physielegy,

Special Issue of the Journal
Environmental Toxicology & Chemistry
“Ecotoxicology of Unionid Mussels”

Ten peer-reviewed manuscripts
ENVIRONMENTAL include:

Editorial

Intra- and inter-laboratory variation
in acute toxicity tests with early life
stages

Acute and chronic toxicity of
ET&C Vol. 26 copper, ammonia, and chlorine
No. 10 2007 (water and sediment) to early life
stages
FRESHWATER q o E
rcotDALVE Evaluation of derivation of water
quality guidance for copper
b Ecological risk assessment of
‘;;f copper, ammonia, and chlorine
s Acute and chronic toxicity of current
use pesticides to early life stages
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ENVIRONMENTAL

PUpIISHEd.

Vol 26, No; 10,

G e

Bringolf R.B., W.G. Cope, C.B. Eads, P.R. Lazaro, M.C.

Barnhart, D: Shea. 2007, Acuie andl Chrenic IoxiCity. of
Nechnicalr Graeer PESHICIOES 10 Glochidia and JUVERNES O FreshWates
Vitssels (Unienidae): Enviren. Texicel. Chem. 26(10):2086-2093.

Bringolf R.B., W.G. Copge, S. Mosher, M.C. Barnhart, D. Shea. 2007.
Aclier andiChrenicexcity eir Glyphesaie Conpounds terGlochidie
andiuvenilesseirLamipsiissiiguoiaea(Unienidae): Enviren: Mioxicol:
Chem. 26(10):2094-2100.

Bringolf, R-B., W.G. Cope, M.C. Barnhart, S. Mesher, P.R. Lazaro; D-
Shieas 200i7. Aclite and Chrenicr TeXICILy, of PestiCIdErEarmUIations
(Atrazine; Chierpyrifes and Permethin)rter Glochidia andiIuVveEnilES
ol Lampsiis siliguo/adea(Unienidae): Enviren. Toxicoll Chem.
26(10):2101-2107.

ELiclelile]
Pesticide Envirenmentall lirust Eund

North Canelina Department off Agriculiure: &
Consumer: Services

and
ULS. Envirenmentall Protection Agency:
Regien 5
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Eamily: Unienidae
e Eresawater. VIsSels

Most imperiled fiatinal greup
i werld

n —300 sp. in N.A.

n —67%) endangered,
threatened, off special
CONCErN,, Or extinct

Decline since 1800s

n hastened past 50 yrs

= NUMErous factors

n biolegicall & physiclogical
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Chrenic toxicity ofi glyphosate to
juveniler L. siiguoiaea

Chemical 21 or 28 d EC50 Growth LOEC*
(ma/L) (mg/L)
Glyphesate > 10)0) 25
Glyphesate IPA 4.8 6.3
Reundup 3.7 5.0
Aguastar: > 20]0) 100
MONI 0818 1.7 1.3

* [Lowest Observed Effect Concentration

Chrenic toxicity,

Pesticide 21-d EC50 Growth
(mag/L) LOEC*
(mg/L)
Atrazine 10.1 15
Aatrex 3.1 3.8

Chlerpyritos 0.06 0.06
LLorshan 0.05 0.05

Permethrin 0.03 0.012
Mosguito-B-Gone 0.03 0.05

* Lowest observed effect concentration
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ASTIM Guideline

Standard Guide for
Cundumlng Laboratory Toxicity Tests with Freshwater
Mussels’
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